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EXECUTIVE SUMMARY
The objectives of this study are to expand the Illinois Department of Natural Resources (IDNR)
annual yellow perch stock assessment data, compare catches from IDNR and Lake Michigan
Biological Station (LMBS) monitoring programs, investigate the diel vertical migration of larval
yellow perch, monitor population densities of young-of-the-year yellow perch, and identify some
of the factors likely to have limited yellow perch recruitment in the past ten years. We added a
supplemental index station near Calumet Harbor to the two IDNR index stations traditionally
used in Illinois waters. The location of the IDNR Lake Bluff index station was assessed with
respect to the annual yellow perch spawning concentrations to determine whether the movements
of aggregations of spawning yellow perch affect relative abundance estimates. Effective
sampling techniques for larval yellow perch and their prey were investigated, young-of-the-year
yellow perch were sampled with a bottom trawl, and programs to monitor yellow perch egg skein
densities, post-larval yellow perch abundance, and the effect of adult alewife predation on yellow
perch larvae were developed.
The results of this project will enable fish managers to develop effective management strategies
for this important sport and previously commercially fished species. New information on
specific areas where yellow perch spawning occurs will strengthen IDNR spawning assessments.
Larval yellow perch sampling will expand our understanding of the early life history of yellow
perch in terms of larval fish movements, feeding behavior, and survival. Early life history data
will eventually lead to an understanding of factors that affect juvenile survival and future year-
class strength.
This report summarizes the fifth year of sampling, third in some cases. The following
conclusions are based upon sampling conducted in the nearshore area of the northern portion of
Illinois waters, 1994-1998.
1. Similar numbers of yellow perch were captured in INHS fyke nets and IDNR gill nets at all
four depths (split-plot ANOVA, r=0.84, P-value=0.96). The age composition of yellow
perch captured with fyke nets and gill nets was similar in 1994 and 1995, but differed in
1997. In general, more female yellow perch were captured in gill nets than fyke nets;
overall, females represented less than 1% of the yellow perch captured using fyke nets as
compared to over 3% for gill nets.
2. Results from sampling sites with either cobble, sand, or mixed cobble and sand substrate
types near the IDNR Lake Bluff index station suggest that yellow perch congregate in areas
with cobble substrate. The IDNR index station is located north of the focus of spawning in
the Lake Bluff area; during the spawning season, mean catches of yellow perch were higher
at two sites located 2.8 km south (North Lake Forest) and 8.3 km south (Fort Sheridan) of
the Lake Bluff index site than at the Lake Bluff index station. The relatively high degree of
variability in catches at all seven sites sampled in 1994-1996 and the six sites sampled in
1997-1998 indicates that the yellow perch move in and out of these areas throughout the
spawning period.
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3. Recaptures of tagged yellow perch at sites near where they were tagged implies that some
yellow perch do reside in spawning areas for more than 24 h. During the peak of spawning,
information on movements outside of our study area was limited due to the absence of
angler and commercial harvest during June. Total recapture rate was markedly higher
(4.7%) for the first six months after the commencement of tagging compared to a previous
LMBS tagging study (1.3% within 6 months of the start of tagging, Marsden et al. 1993 a)
and may indicate that yellow perch are significantly less abundant than they were in 1991.
4. The average length of all measured yellow perch was 244 mm (N = 5,613, SD = 25 mm) for
males, and 300 mm (N = 21, SD = 56 mm) for females in 1998. Males constituted 98% of
all measured yellow perch in 1998 (N=5,217); females and unknowns comprised 0.4% and
1.6%, respectively. The male:female sex ratio of the yellow perch subsampled for age
analysis was 79:1 (N = 724). The skewness of the sex ratio is likely a function of the
sampling gear (because male yellow perch tend to congregate in fyke nets). In addition,
size-selective harvest by sport anglers and commercial fishermen has deleterious impacts on
the fishery since female yellow perch tend to grow faster and to larger sizes than male
yellow perch in Lake Michigan. The proportion of female yellow perch in our samples has
declined each year since 1990 and may indicate problems with reproductive potential.
5. The majority of yellow perch collected in fyke nets during 1998 were age-10 (31%); yellow
perch older than age-6 comprised 74% of the total catch. Age-3 yellow perch did comprise
18% of the sample, however. The distribution of ages for male yellow perch was
approximately normally distributed and indicates instability in the population structure,
because age-composition plots should ideally be skewed toward younger age-groups. The
paucity of yellow perch less than age-8 in our samples reflects poor recruitment over the past
nine years with the possible exception of the 1995 year-class.
6. Relatively few yellow perch larvae were captured using ichthyoplankton nets (1994-1997)
and neuston nets (1998) compared to sampling conducted prior to 1994. Peak larval yellow
perch density in our samples occurred on 10 June (5.9 larval yellow perch100m-'). A
decline in the yearly abundance of yellow perch larvae after 1993 may indicate reproductive
failure or large-scale post-hatch mortality.
7. Relatively few larval fish were successfully sampled using the Miller samplers; usually a
maximum of one fish per transect was collected. Predominant species were rainbow smelt
and alewife. It appears that Miller samplers are not effective sampling devices for Lake
Michigan because fish densities are relatively low compared to inland systems where Miller
samplers have been effectively used. We recommend discontinuing using Miller samplers to
sample yellow perch larvae as part of this project.
8. We captured 146 young-of-the-year yellow perch with a bottom trawl in 1998;
approximately 272,000 m2 of the lake bottom was sampled. Densities of YOY yellow perch
were higher in 1998, compared to 1994-1997, but much lower than 1987-1989. The paucity
of young-of-the-year yellow perch may indicate a failure of larval fish to recruit to the sub-
adult population.
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9. One larval fish was found in one adult alewife stomach (N = 61) in 1998, but it could not be
positively identified as a yellow perch larva. Larval yellow perch abundance samples
collected concurrently with alewife collections indicated that the density of yellow perch
larvae at the sample sites was similarly low. Additional years of data or innovative
experimental approaches will be required to look at the effect of alewife predation on yellow
perch recruitment under conditions of higher prey (i.e., larval yellow perch) densities to
effectively estimate the recruitment foregone to alewife predation.
10. Zooplankton samples collected coincident with larval yellow perch samples during 1988-
1990 and 1996-1998 have been analyzed. Zooplankton density was greatest in 1988, the last
year of strong yellow perch recruitment in Lake Michigan. During all other years,
zooplankton density was less than half of that seen during 1988. The potential relationship
between zooplankton density and YOY yellow perch survival indicates that continued
monitoring of nearshore zooplankton density is needed to explore the potential role played
by food availability in the recruitment success of yellow perch.
11. Yellow perch egg skeins were located south of Waukegan Harbor at the abandoned US Steel
intake line during 1996-1998. Yellow perch eggs were found only on 02 June 1998; density
was 7.1 egg skeins*100m-2 and eggs were at all stages of development. Egg viability each
year was estimated to be 95% for sampled egg skeins returned immediately to the laboratory
and viewed under a dissecting microscope.
12. Light traps deployed to sample post-larval stage yellow perch were successful in sampling
non-target larval fish species (i.e., cyprinids and alewife) and unsuccessful in sampling
larval yellow perch; macro-zooplankton were also successfully captured. Under conditions
of low densities, the light trap is not an effective sampling device for larval fish species in
Lake Michigan and we recommend discontinuing its use to sample post-larval stage yellow
perch as part of this project.
13. Diets of YOY yellow perch shifted from primarily zooplankton during 1987-1992 to
primarily benthic invertebrates during 1993-1997. The cause of this shift is uncertain
because of the lack of long-term data sets for zooplankton and benthic invertebrates.
14. Yellow perch form opaque zones in sagittal otoliths during August through October.
Narrow opaque-zones formed during 1988 and 1993 appear to be effective natural markers
in the chronology of Lake Michigan yellow perch otoliths and may be used to validate ages.
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INTRODUCTION
Yellow perch (Percaflavescens) is an important commercial and sport fish throughout much of
its range in North America. Its schooling behavior promotes sizable captures in commercial
gears such as trap nets and gill nets, and the tendency of yellow perch to congregate near shore in
the spring makes this species accessible to shore anglers. The majority of yellow perch harvested
in North America are taken from the Great Lakes; yellow perch provide the most important sport
fisheries in the four states bordering Lake Michigan, and until 1997 supported large-scale
commercial fisheries in three of those states.
Lake Michigan yellow perch have undergone severe fluctuations in abundance in the past few
decades. The population in the southern basin increased dramatically in the 1980s (McComish
1986), and the sport and commercial fisheries expanded accordingly. In Illinois waters alone, the
estimated annual catch by sport fishermen doubled between 1979 and 1993, from 600,000 to 1.2
million fish (Muench 1981, Brofka and Marsden 1993). Between 1979 and 1989, the
commercial harvest in Illinois tripled, in Wisconsin (excluding Green Bay) it increased six-fold,
and in Indiana the harvest increased by over an order of magnitude (Baumgartner et al. 1990,
Brazo 1990, Hess 1990). However, a federally-funded study recently completed by the Lake
Michigan Biological Station (Marsden et al. 1993") indicated that the 1993 yellow perch fishery
was primarily supported by a strong year-class spawned in 1988, and that no strong year-class
had been produced since then. Few or no young-of-the-year (YOY) yellow perch were found in
lakewide sampling efforts during 1994 through 1997 (Hess 1998). Consequently, the yellow
perch population is aging - the population as a whole was composed of larger and older
individuals in 1997 than in 1986 (Robillard et al. 1998).
The ability to manage yellow perch is hampered by insufficient information about population
size, stock structure, movements, and factors that affect population growth. Evaluation of the
best techniques and locations to collect assessment data is necessary to maximize information
access. Other federally funded research by the Lake Michigan Biological Station (LMBS)
determined that Lake Michigan yellow perch populations are too large and too mobile for single
agency mark-and-recapture studies to be viable (Marsden et al. in review). Annual assessment
data of spring spawning populations at index stations, however, combined with assessment of
year-class strength may permit evaluation of the population's relative abundance. These data
have been obtained in the past by the Illinois Department of Natural Resources (IDNR) at two
gill net index stations, and by LMBS at two sites using fyke nets. Several inadequacies in these
data exist, however: (1) there is no index station near the southern border of the Illinois
shoreline; (2) data from gill nets and fyke nets are not comparable without direct comparison at
the same sites during the same time period; (3) it is unknown where spawning concentrations of
yellow perch occur, or how stable such locations (if they exist) are from year to year. If foci of
spawning concentrations move from year to year, then data from localized index stations may
reflect this movement rather than any real information about population size.
To protect yellow perch stocks, fisheries managers should ideally set harvest targets in
accordance with fluctuating population sizes. Assessment of larval and YOY yellow perch
populations may permit prediction of future year-class strength. However, the variances on
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larval yellow perch abundance data and YOY catches are very high, and the diel vertical
movements of yellow perch larvae and their prey are not well documented in large lakes.
Tracking these movements will enhance our understanding of larval fish feeding behavior and
early life-stage survival rates, contributing to our ability to monitor year-class strength relative to
other years.
The continued decline of the yellow perch population due to reduced recruitment of larvae to the
YOY stage has prompted researchers to narrow the focus of investigation to pre-YOY
interactions and survival. The effect of alewife (Alosa pseudoharengus) predation on yellow
perch larvae will be investigated. Development of an annual index for yellow perch egg
production will provide an index of reproductive potential and success. Comparing zooplankton
species composition and abundance data from samples collected prior to the establishment of
zebra mussels and recently collected samples will provide valuable information on the
availability of food for emergent yellow perch larvae, and lend an understanding to the effects of
alewife predation on yellow perch larvae in the presence of alternate food sources.
The results of this project will strengthen management strategies for this important sport fish
species. These findings will be incorporated into yellow perch management strategies by a
multi-agency collaboration, which reflects a changing philosophy in the Great Lakes system
from jurisdictional to lakewide management.
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METHODS
Sampling gear
Adult yellow perch were collected using fyke nets (LMBS) and graded-mesh gill nets (IDNR).
We used 1.2 x 1.8-m doubled-ended fyke nets with a 30.5-m leader between two double-throated
pots. Fyke net mesh was 38-mm stretched measure. Assessment gill nets were composed of five
panels (Table 1).
Several types of sampling gear were used to assess the abundance and vertical distribution of
emergent yellow perch larvae and post-larval stage yellow perch during the study (Table 2). All
plankton nets had a scope of 5:1. Zooplankton samples were collected in 1996-1998 using a 0.5-
m diameter 73-Lim mesh plankton net. A bottom trawl with a 4.9-m head rope, 38-mm stretch
mesh body, and 13-mm mesh cod end was used to sample YOY yellow perch in 1994-1998.
Supplemental Index Gill Netting
In conjunction with IDNR, we established an index station in the southern portion of Illinois
waters, northeast of Calumet Harbor, and sampled spawning yellow perch during 1994-1998.
All sampling at the Calumet Harbor index station was conducted by J. Camalick, with IDNR and
LMBS personnel on board his boat. Gill nets were set at depths of 7.2, 10.8 m, and at 14.6 and
18.3 m the following day. All nets were fished for approximately 24 h. In 1998, nets were set at
all four depths on the same day and retrieved after 24 h. All fish in all nets were counted, and
subsamples of 25 yellow perch were collected from each gill net panel. If the total catch for any
panel was less than 25, all yellow perch in that panel were sampled. Individual yellow perch
were weighed to the nearest 10 g, measured to the nearest 5 mm, and dissected to determine
reproductive status (i.e., ripe, green, or spent); ages were estimated from sagittal otoliths.
Calibration of Data from Fyke Netting and Gill Netting
In 1995 and 1997, one IDNR assessment gill net and one LMBS fyke net were set end to end,
parallel to shore, at depths of 7.2 and 10.8 m, and at 14.6 and 16.8 m the following day, at the
IDNR Lake Bluff index station. In 1994, nets were set at the 7.2 and 10.8 m depths only. All
nets were fished for approximately 24 h.
A subsample of 50 yellow perch was collected from each fyke net. All other yellow perch were
counted, measured to the nearest 1 mm TL and externally examined to determine reproductive
status. All fish, except the subsampled yellow perch, were released.
All fish captured in gill nets were counted. Subsamples of 25 yellow perch were collected from
each gill net panel. If the total catch for any panel was less than 25, all yellow perch in that panel
were sampled. Subsampled yellow perch were processed as described above under Supplemental
Index Gill Netting.
Catches of yellow perch in fyke nets and gill nets were compared using split-plot ANOVA for
repeated measures. Age-frequency distributions of yellow perch captured in fyke nets and gill
nets were compared by a Kolmogorov-Smirnov 2-sample test within each year.
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Validation of Index Station Locations
In 1994-1996, fyke nets were set at the IDNR Lake Bluff index station and either 2.7, 5.4, or 8.1
km north and south of that index station (Figure la) during May through July. Nets were set
along the 5-m depth contour line, usually parallel to shore, and fished for approximately 24 h.
Three sampling units (Lake Bluff +/- 2.7, 5.4, and 8.1 km) were completed in 1994 and 1995
(i.e., 9 sets of 3 nets). Four sampling units were completed in 1996.
In 1997-1998, fyke nets were set near the IDNR Lake Bluff index station at six sites with either
cobble, sand, or mixed cobble and sand substrates. All sampling sites were located within 8.3
km of the index station (Figure Ib). Nets were set along the 5-m depth contour line, usually
parallel to shore, and fished for approximately 24 h. In 1997, each cobble site was sampled six
times, and the mixed and sand sites were sampled three times each. All six sites were sampled
four times in random order during 1998.
All fish captured in each fyke net were counted. Subsamples of 25 yellow perch from each fyke
net were collected for dissection to determine sex, maturity, and age. The remaining yellow
perch were measured for total length and externally examined to determine sex and reproductive
status. All fish, except the subsampled yellow perch, were released.
Catch data were analyzed using split-plot ANOVA for repeated measures.
Movement Patterns of Adult Yellow Perch
During 1996-1998, the yellow perch were tagged (-1,000 maximum per net) using individually
numbered Floy tags, measured for total length, and externally examined to determine sex and
reproductive status. All fish, except the subsampled yellow perch, were released. Recaptured
yellow perch from our sampling and from commercial and sport catches were assessed for
distance from tagging site and time at liberty.
Yellow Perch Population Structure
Biological data (i.e., length, weight, sex, and maturity) were obtained from all subsampled
yellow perch, and the ages of the yellow perch were estimated from sagittal otoliths (Robillard
and Marsden 1996).
Diel Larval Yellow Perch and Plankton Sampling
Abundance estimates
Samples were collected near Waukegan Harbor (Figure 2) at night during May through July; start
and end dates of sampling as well as sampling frequency varied yearly. During 1994-1997, a
0.5-m plankton net, suspended below the surface of the water with a bow-mounted frame, was
pushed through the water at a speed of approximately 2 m*sec'. One 5-m and one 10-m (bottom
depth) transect was sampled -2.8 km both north and south of the harbor entrance; transect length
was 0.9 km. In 1998, a 2 x 1 m neuston net was towed at the surface at the same sites. A
calibrated General OceanicsTM standard flowmeter mounted in the mouth of the net was used to
determine the volume of lake water sampled. Mean volume of water sampled during each push
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or tow was 160 m3 for the plankton net and 1,700 m3 for the neuston net. Larval fish were
counted in the laboratory and identified to genus, species when possible.
Harbor Sampling
Larval yellow perch were sampled in Waukegan Harbor using a 0.3-m diameter plankton net in
1994 and a 0.5-m diameter plankton net in 1995. The plankton net was pushed at the surface
with a bow-mounted frame at night or towed obliquely during the day for 0.4 km at a speed of
approximately 1 me sec1 . Four night samples (8 surface pushes) and two day samples (6 oblique
tows) were collected in 1994. In 1995, six night samples (12 surface pushes) were completed. A
calibrated General OceanicsTM standard flowmeter mounted in the mouth of the net was used to
determine the volume of lake water sampled. Mean volume of water sampled during each push
or tow was 18 m3 for the 0.3-m plankton net and 59 m3 for the 0.5-m plankton net. Larval fish
were counted in the laboratory and identified to genus, species when possible.
Vertical Movement
In 1994 and 1995, a 0.3-m plankton net was used to sample horizontal transects at depths of 0, 2,
4, 6, and 8 m, north of Waukegan Harbor. The net was pushed at the surface with a bow-
mounted frame or towed from the transom at depth at a speed of approximately 1 m* sec'. Eight
complete vertical strata samples were collected; i.e., three day samples with corresponding night
samples and two day samples without night samples. A calibrated General OceanicsTM standard
flowmeter mounted in the mouth of the net was used to determine the volume of lake water
sampled. Mean volume of water sampled during each 0.5-km push or tow was 23 m3. Larval
fish were extracted from ichthyoplankton samples and identified to genus, species when possible.
In 1997, larval and post-larval stage yellow perch were sampled using two Miller high-speed
samplers fished simultaneously at depths of 0, 1, 2, 3, and 4 m during the day and at night on two
occasions, 24 July and 06 August. Samples were also collected during the day on 31 July. Mean
volume of water sampled was 36 m2 for each 4.6-km transect, along the 5-m (bottom depth)
contour line.
Genetic Stock Identification
Sample Collection
Adult yellow perch were collected during the spawning season with various types of gear from
seven locations around Lake Michigan (Table 3). Samples of 45 to 50 yellow perch were
collected near Zion, IL, Bailey's Harbor, WI, and Green Bay, WI in 1993. The latter two
samples were collected with the assistance of the Wisconsin Department of Natural Resources.
In 1994, we collected 50 yellow perch from Ludington, MI, with the assistance of the Michigan
Department of Natural Resources, and 50 from South Haven by angling and with the assistance
of local charter fishermen. Twenty yellow perch were collected near Michigan City, IN by staff
of Ball State University; due to low daily catches, no additional fish were sampled from this site.
Personnel working with the Grand Traverse Bay Ottawa/Chippewa Indian fisheries acquired a
sample of 30 yellow perch for us from Grand Traverse Bay. All specimens were frozen on dry
ice immediately after collection; bodies of some fish (minus the liver) were removed to save
storage space, as all the tissues used for analysis are in the head and liver. Samples were
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maintained on dry ice or in a deep freezer until transport to more permanent cold storage in
Champaign, IL.
Protein electrophoresis
Standard vertical starch gel electrophoresis procedures were used to screen 43 loci for
polymorphisms (Table 4). Yellow perch from Lake Michigan, Minnesota, and Wisconsin were
combined for the screen to maximize the potential for finding polymorphisms. The Lake
Michigan sample included yellow perch from Bailey's Harbor, Zion, and Green Bay.
Fish from the Grand Traverse Bay population were examined using 3 loci found to be
polymorphic in the Lake Michigan populations (GPI-A, GPI-B, and MDH-A), 5 loci found to be
polymorphic in the Minnesota and Wisconsin populations (AK-1, GLYDH-1, LDH-B, MPI-1,
and PGM-A), and 7 other loci that have shown polymorphisms in other species (CK-A, CK-B,
CK-C, G2DH-2, IDH-B, LDH-A, and LDH-C).
RFLP analysis of mitochondrial DNA
An intensive restriction fragment length polymorphism (RFLP) analysis of mitochondrial DNA
was conducted. We used southern blotting with hybridization using a non-specific American
shad probe. Due to low amounts of isolated DNA or incompatibility of the non-specific probe
we were not able to resolve bands for all populations. Therefore, we used a PCR technique to
amplify specific regions or genes on the mitochondrial genome. Three genes (NADH subunit
3/4, NADH subunit 5/6, and ATPase 6) were amplified and digested with 9 restriction
endonucleases (aTaq I, BSTUI, Dde I, Dpn II, Hae III, HinfI, Msp I, and Rsa I) for the Bailey's
Harbor, Zion, and Green Bay populations. We also examined the D-loop/12s region in the
mitochondrial genome and digested product with the same 9 restriction endonucleases.
Our initial screen of four regions in the mitochondrial genome revealed polymorphism in the
ATPase-6 gene with one restriction endonuclease (Hae III). The ATPase-6 gene was then
amplified for 30 individuals from the Grand Traverse Bay population and digested with three
restriction endonucleases (Dde I, Hae III, and Hinfl).
RAPD analysis of nuclear DNA
Whole genome DNA was isolated from small amounts of muscle and purified using a standard
extraction procedure combining phenol and chloroform:isoamyl alcohol steps, followed by cold
precipitation in 100% ethanol. The whole genomic DNA was then used as the template in a
series of PCR reactions, each one using one of 20-30 different 10-base primers (each with a
different random sequence, as sold by several companies). These DNA fragments were then
separated electrophoretically using an agarose gel and stained using ethidium bromide. Twenty
RAPD primers (L-Operon L series) were screened for polymorphism. Fifteen of the primers
consistently amplified; the other five primers (L6, L13, L15, L17, and L19) did not amplify.
Young-of-the-Year Sampling
Trawling for YOY yellow perch was conducted approximately weekly at four depth stations
between 3 and 10 m during August through October, 1994-1998. All sampling occurred north of
Waukegan Harbor, at a speed of approximately 2 m*secd . Approximately 4460 m2 of the lake
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bottom was sampled for each 0.9-km transect. YOY yellow perch and non-target species were
recorded. YOY yellow perch were measured to the nearest 1 mm and preserved in 95% ethanol
for later examination of stomach contents; some YOY were measured post-preservation.
Alewife Predation on Yellow Perch Larvae
In 1996-1998, adult alewife were sampled concurrent with the peak of larval yellow perch hatch.
A gill net, composed of three 30.5-m panels with stretched measures of 25.4, 38, and 44 mm,
was suspended 0.5 m below the surface of the water and fished for approximately 30 min.
Samples were usually collected at either one 10-m (bottom depth) and one 5-m site, or at the two
10-m larval yellow perch sampling sites.
All alewife were measured to the nearest 1 mm TL. Specimens were dissected to determine sex
and maturity, and the entire digestive tract was preserved in 95% ethanol until examination. In
1996, presence or absence of phytoplankton, zooplankton, amphipods and isopods, insect larvae,
and larval fish were noted. These taxa, except for phytoplankton, were quantified in 1997 and
1998. Intact larval fish were identified to lowest possible taxon.
Zooplankton Sampling
In 1996 and 1997, zooplankton samples were collected during June and July on the same nights
as larval yellow perch samples. Sampling dates were extended in 1998. We sampled weekly
during 04 May to 26 October, and sampled on the same nights as larval fish were collected
during June and July. Replicate, vertical-lift tows were collected at the two 10-m (bottom depth)
larval yellow perch sampling sites with a 0.5-m diameter, 73-Lm mesh net. A Kahlisco
flowmeter mounted inside the mouth of the net monitored the volume of water sampled. Mean
volume of water filtered in each vertical lift was 1.9 m3 . During 1988 to 1990 zooplankton
samples were collected by a vertical tow of a 0.5 diameter, 153-itm mesh net at depths ranging
from 8-m to 10-m (bottom depth), at the same sites previously mentioned.
In the laboratory, zooplankton were enumerated and identified into the following categories:
cladocerans to genus (Daphnia and Bosmina to species), cyclopoid copepodites, calanoid
copepodites, copepod nauplii, Macrothrididae spp., Sididae spp., and rotifers. Uncommon taxa
were noted. For each sample, up to three 5-ml subsamples were taken from adjusted volumes
that provided a count of at least 25 individuals of the most dominant taxa. Upon completion of
each subsample, counting ceased for each taxon in which 100 individuals was additively
counted.
Egg and Post-larval Yellow Perch Sampling
In 1996, scuba divers swam transects at sites with sand and cobble substrates to locate yellow
perch egg skeins. Yellow perch egg skeins were only counted along the abandoned US Steel
water intake line, located 1.9 km south of Waukegan Harbor (Figure 2) during 1997 and 1998.
Divers usually explored an area approximately 4 m wide along the intake. Eggs were
subsampled from each egg skein and transported back to the laboratory where the percentage of
viable eggs was estimated using a dissecting microscope.
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Post-larval stage yellow perch were sampled using a Miller sampler and light traps in 1996 and
1997, and a neuston net in 1998. A Miller sampler was towed behind the Sculpin on 24
September 1996 for 4.5 km, along the 5-m (bottom depth) contour line at a speed of 2.8 mosec'.
In 1997, two Miller high-speed samplers were fished simultaneously at depths of 0, 1, 2, 3, and 4
m during the day and at night on two occasions, 24 July and 06 August. Samples were also
collected during the day on 31 July. Mean volume of water sampled was 36 m2 for each 4.5-km
transect, along the 5-m (bottom depth) contour line. Larval fish were extracted from all
ichthyoplankton samples in the laboratory and identified to genus, species when possible.
In 1996 and 1997, post-larval stage yellow perch were sampled using light traps. Four light traps
were suspended on tethered lines at the 10-m (bottom depth) larval perch sampling site, south of
Waukegan Harbor, on 14 August and 20 August, 1996. Traps were set at depths of 1, 3, 6, and 8
m. In 1997, light traps were deployed at sunset on three nights during the sampling season.
Traps were suspended 1 m below the surface of the water on a tethered line at a 3-m (bottom
depth) site that was due east of the 5-m larval yellow perch sampling site, north of Waukegan
Harbor. Four traps were fished for 5 h on 25 July and seven traps were fished overnight on 01
and 07 August. In the laboratory, larval fish were identified to genus, species when possible.
In 1998, a 2 x 1 m neuston net was towed at the surface at night on 08 July and during the day on
09 July at the 5 and 10-m (bottom depth) larval perch sampling sites, south of Waukegan Harbor.
A calibrated General OceanicsTM standard flowmeter mounted in the mouth of the net was used
to determine the volume of lake water sampled. Mean volume of water sampled during each tow
was 1,750 m 3 . Larval fish were extracted from all ichthyoplankton samples in the laboratory and
identified to genus, species when possible.
YOY Yellow Perch Diet
Stomachs of young-of-year yellow perch collected near Waukegan during 1987 to 1998 along the
northern Illinois were dissected. Yellow perch were collected by beach seining or by trawling at
transects between 2m and 10m. Dissections were primarily of fish collected in September, but
some fish collected during July to October were also dissected. Dissection sample size ranged
from 2 fish in 1996 to 44 fish in 1990, depending on the number of YOY yellow perch collected
in each year. Prior to dissection, total length (mm) and weight (g) were recorded; otoliths were
removed and preserved for future analysis. Full and empty stomach weight (g) were recorded,
enabling calculation of the weight of food in yellow perch stomachs. Stomach contents were
enumerated and identified. Zooplankton identification followed the methods we described in the
zooplankton sampling section, while benthic invertebrates were identified as an amphipod,
chironomid, and all others to order.
Validation of Ages Determined From Sagittal Otoliths
Preparation of otoliths
The otolithic membrane was removed from yellow perch sagittal otoliths and the otoliths were
dried for 24 h before they were measured to the nearest 0.001 in along the maximum anterior-
posterior (AP) axis with a digital hand caliper. Otoliths were embedded in Buehler Epo-Thin
low viscosity epoxy and mounted on a microscope slide, labeled with year of capture and
specimen number. A thin-section low-speed saw (Buehler Isomet low-speed saw, model #11-
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1280) was used to cut a plane perpendicular to the AP axis, through the approximate center of the
otolith as determined from the length measurement of the AP axis.
Translucent zones of otoliths were enhanced by staining in a 0.5% solution of Rose Bengal in
distilled water for 14 d. Sectioned otolith mounts were rinsed for 2 min with distilled water
following staining and were then air dried and stored in a dust-free environment. Otoliths, from
which translucent zones were not sufficiently discriminated were polished on 600 grit emery
cloth and restained in a 1% Rose Bengal solution for 48 hr. Otolith sections were then viewed
with a dissecting microscope at 40X using reflected light.
Seasonal Deposition of Opaque and Translucent Zones
The outer margin of sectioned otoliths, sampled from 20 yellow perch during each month
between June 1990 and May 1991, were examined for the presence of opaque-zone material.
Sagittal otolith from yellow perch sampled between June 1995 and May 1996 were also
examined. Otoliths were ranked as 1) opaque-zone material present at the otolith margin, 2)
opaque-zone material present a the entire otolith margin, or 3) no opaque-zone material present at
the margin (i.e., translucent-zone material present).
Validation using the narrow band as a natural marker
The opaque-zone widths from 10 fish per age-group were measured from archived sagittal
otoliths, sampled from adult yellow perch in 1988-1996 (Table 5). For yellow perch sampled in
1990, the width of opaque-zones formed during 1987, 1988, and 1989 along the ventral portion
of sectioned otoliths were analyzed using ANOVA; the 1992, 1993, and 1994 opaque-zones were
used for fish sampled in 1995. Fish from the 1983 year-class (ages 7-16) were utilized to
demonstrate that the width of the 1988 opaque-zone, relative to the 1987 and 1989 opaque-zones,
did not change through time.
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RESULTS
Supplemental Index Gill Netting
Yellow perch were sampled by IDNR during the spawning season, 1994-1998 (Table 6).
Calibration of Data from Fyke Netting and Gill Netting
Similar numbers of yellow perch were captured in LMBS fyke nets and IDNR gill nets (split-plot
ANOVA, r=0.84, P-value=0.96; Table 7). Since catches in each gill net panel were not equally
represented in the subsampled fish, the ages were weighted accordingly. Age distributions of
yellow perch captured with fyke nets and gill nets were similar in 1994 and 1995 (Figure 3). The
proportion of female yellow perch captured using gill nets was greater than that for fyke nets
(Table 8).
Validation of Index Station Locations
More yellow perch were captured at two sites with cobble substrate (North Lake Forest and Fort
Sheridan) than at the IDNR Lake Bluff index station or at sites north of the Lake Bluff index
station during 1994-1996 (split-plot ANOVA, r=0.92, P-value<O.O1; Figure 4 a, c). In 1995
however, yellow perch appeared to be equally distributed between the seven index sites (Figure 4
b). The variability in catches across sampling days was also highest at the cobble sites,
indicating that concentrations of yellow perch move in and out of these areas throughout the
spawning season. Similarly, catches of yellow perch were higher at sites with cobble substrate
compared to sites with sand or mixed sand and cobble in 1997-1998 (split-plot ANOVA, r=0.99,
P-value<0.01; Figure 5 a, b).
Movement Patterns of Adult Yellow Perch
A total of 26,846 yellow perch were tagged during 1996-1998 at two sites near the Wisconsin
state line, nine sites in the Lake Bluff area, and one site located inside the Chicago Harbor
breakwall (Table 9). Our sampling accounted for the majority of recaptures; sport and
commercial anglers recaptured 26 and 8% of the fish tagged in 1996, respectively; fewer fish
were recaptured from tagging efforts in 1997 and 1998 (Table 10). The majority of recaptured
yellow perch located within 20 km of the site at which they were tagged, following at least one
month at liberty; some fish were at liberty for 2 years.
Yellow Perch Population Structure
Less than 5% of all yellow perch we captured in our fyke nets during 1994-1998 were female
(Table 11).
The 1988 year-class made up the greatest portion of the subsampled fish captured with fyke nets
in all years (Figure 6 a-e). Age-6 or older fish comprised at least 69% of the total catch, and as
much as 88% in 1997. No yellow perch from the 1992 year-class were present in subsamples
collected during 1994-1997, and only one in 1998, suggesting minimal recruitment of the 1992
year-class to the population. In 1998, age-3 yellow perch comprised 19% of the total sample.
Mean length of yellow perch we captured in fyke nets increased from 204 to 245 mm over the
study period (Figure 7). Mean length-at-age for both male and female yellow perch also
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increased for all age groups during 1994-1998 (Table 12; Table 13). Mean length-at-age for
female yellow perch was generally greater than mean length-at-age for male yellow perch,
especially at older ages.
Diel Larval Yellow Perch and Plankton Sampling
Abundance estimates
Larval yellow perch were captured in low abundance relative to previous sampling efforts
(Figure 8). Average density of larval yellow perch between 09 June and 02 July 1998 ranged
from 0 to 6 fish*100m -3, compared to densities of over 100 fish*100m 3 prior to 1994 (Marsden et
al. 1993a, and unpub. data). The mean length of larval yellow perch we sampled in 1998 using
the neuston net was 5.5 mm; the largest larva was 8 mm (10 June). No larval yellow perch
longer than 7 mm were sampled using the 0.5 m plankton net, 1989-1997. More yellow perch
larvae were captured with the neuston net compared to the plankton net; however, there was no
difference in the estimate of larval yellow perch density using the two gear types (t-test, df=3,3,
P-value=0.26).
Harbor Sampling
Larval fish samples were collected inside Waukegan Harbor at the time when densities were
highest in the open lake samples. No yellow perch were captured at night or during the day
inside Waukegan Harbor in 1994; alewife and miscellaneous cyprinid larvae were the only fish
captured.
In 1995, five yellow perch larvae were captured in 12 surface pushes (709 m3 total sampled)
inside the harbor. No perch larvae were captured in the harbor after 13 June; this date coincided
with the absence of perch larvae in surface pushes conducted outside the harbor. Alewife larvae
comprised 50% of the catch. Other species of larval fish captured in Waukegan Harbor in 1995
included: miscellaneous cyprinids (44%), three-spine stickleback (Gasterosteus aculeatus) 4%,
and rainbow smelt (Osmerus mordax), unknown and unidentifiable (<2%).
Vertical Movement
No yellow perch larvae were captured using a 0.3-m net to sample vertical strata in 1994. Only
two yellow perch larvae were captured during the day on 12 June 1995; eight yellow perch larvae
at night on 12 June 1995. Alewife larvae were the dominant species in both 1994 and 1995 and
were more abundant at the surface at night and at or below the thermocline during the day than at
any other sampled depths. Alewife larvae were approximately equally distributed throughout the
water column at night and nearly equally distributed at all depths greater than 2 m during the day.
The depth of alewife larvae during the day appears to be influenced both by the depth of the
thermocline and degree of water clarity. On those days when the Secchi depth was greater than
the bottom depth (10 m), the larvae appeared to be concentrated at greater depths.
Relatively few larval fish were successfully sampled using the Miller samplers and no larval
stage or post-larval stage yellow perch were contained in samples collected in 1996 and 1997.
Usually a maximum of one fish per transect was collected; the predominant species were
rainbow smelt and alewife.
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Genetic Stock Identification
Protein electrophoresis
Protein electrophoresis for 30 individuals from each of three Lake Michigan populations
(Bailey's Harbor, Zion, and Green Bay) revealed that 2 of the 43 loci examined were
polymorphic (Table 14). The Grand Traverse population contained only one heterozygote (GPI-
A). None of the Lake Michigan populations had polymorphic loci that were above the 95%
criterion.
RFLP analysis of mitochondrial DNA
The restriction endonuclease HAE III was the only enzyme to reveal polymorphism in the
ATPase-6 gene with two distinct banding patterns. Frequency of the banding patterns for all four
populations is shown in Table 15.
RAPD analysis of nuclear DNA
Analysis of 15 primers from the Operon "L" series produced 3 polymorphic fragments from a
total of 88 fragments.
Young-of-the-Year Sampling
YOY yellow perch densities were higher in 1998 than 1994-1997 (Figure 9), although relatively
few YOY yellow perch were sampled compared to 1988 and 1989. All YOY yellow perch we
sampled in 1994-1996 were found at the 3 and 5-m sampling sites; in 1997 and 1998, YOY
yellow perch were found as deep as 12.5 m. In 1998, mean length of YOY yellow perch was 53
mm on 13 August and 97 mm on 29 September (Table 16).
We observed changes in the abundance and species composition of non-target species captured
during YOY yellow perch trawling, 1994-1998. The most abundant fish species captured
included alewife, ninespine stickleback (Pungitius pungitius), rainbow smelt, and spottail shiner
(Notropis hudsonius). Trawl samples were dominated by rainbow smelt in 1994 and 1995 and
by spottail shiner in 1998 (Figure 10); the percentage of alewife was variable through time.
Other non-target species that were captured in low numbers (i.e., < 3% of total yearly catch)
included threespine stickleback, trout-perch (Percopsis omiscomaycus), adult yellow perch,
Johnny darter (Etheostoma nigrum), longnose dace (Rhinichthys cataractae), sculpin (Cottus
spp.), smallmouth bass (Micropterus dolomieui), white sucker (Catostomus commersoni), and
brook stickleback (Culaea inconstans).
Alewife Predation on Yellow Perch Larvae
Stomach and intestinal tract contents from a total of 197, 355, and 61 adult alewife were
examined from samples collected in 1996, 1997, and 1998, respectively. At most, 4.5% of the
alewife stomachs contained larval fish in any year (Table 17). The greatest number of fish larvae
found in a single stomach was 4; usually, only a single larval fish was found. Of all larval fishes
found in the stomach contents of alewife, only two could be identified with any certainty as
larval yellow perch. Fish larvae were less digested in alewife collected during dusk than those
collected one or more hours after sunset. Bythotrephes cederstroemi tail spines were often found
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as a compacted mass wedged into the stomach. For example, the mean number of spines per
stomach in 1997 was 51 and one stomach contained 444 spines.
Zooplankton Sampling
Mean zooplankton density during June-July 1988 (54/L) was at least double the mean
zooplankton density at this same time during 1989-1990, and 1996-1998 (Figure 11). June
through July densities in 1998 were similar to those seen in 1996-1997. However, the expanded
sampling throughout the summer demonstrated two peaks in density; the first was observed on
29 June, due to abundant calanoid copepods (44/L), whereas the second peak on 26 August
(134/L) resulted from numerous rotifers in the samples (Figure 12). Copepods dominate the
nearshore zooplankton assemblage. Daphnia are present in August and September, but only at
very low density (<0.05/L). Density and composition trends show Bosmina present in high
numbers during 1988-1990, but at much lower density during 1996-1998. Other cladocerans
(e.g., Polyphemus, Ceriodaphnia, Leptodora, Diaphanosoma, Chydoridae) also were more
commonly found in samples during 1988-1990 but rarely observed in samples collected since
1996. These changes suggest a shift in the nearshore zooplankton assemblage although the cause
of this shift has not yet been identified.
Egg and Post-larval Yellow Perch Sampling
Divers found yellow perch egg skeins during June, 1996-1998. All eggs were found at sites with
cobble substrate, and were generally within a shallow cavity formed by cobbles, lodged among
rocks, or laid across the top of the cobble-covered water intake lines (Table 18). Divers also
surveyed several sites without cobble and did not find egg skeins. Several developmental stages
of eggs were found, and eggs were estimated to be 95% viable in all years. Hatch was induced in
most eggs (-90%) within 24 hr of returning to the lab, when aquaria were at ambient room
temperature; larvae were motile and began feeding within 48 hr after hatch on rehydrated
Spirulina, a blue-green algae, that was dripped into the aquarium.
No post-larval stage yellow perch were successfully sampled using either light traps or Miller
high-speed samplers in 1996 and 1997. Non-target larval fish species (e.g., alewife and
cyprinids) and macro-zooplankton were contained in the samples, indicating that the gear was
fishing correctly.
YOY Yellow Perch Diet
YOY yellow perch fed predominantly on zooplankton during 1987 through 1992. However,
YOY yellow perch consumed primarily benthic macroinvertebrates after 1993 until 1997. In
1998, YOY yellow perch fed predominantly on zooplankton in Illinois (Figure 13). The
composition of zooplankton in YOY yellow perch diets shows that, in most years, copepods
were the dominant prey (Figure 14). Bosmina contributed only a small proportion of yellow
perch diets during 1988-1990, but was more important in 1992, 1996, and 1998. Percent
composition of macroinvertebrates (i.e., chironomids and amphipods) in YOY yellow perch diets
increased after 1989, with amphipods becoming the dominant prey consumed after 1995 (Figure
15). Mean June zooplankton densities were positively correlated with yearly YOY yellow perch
CPUE (r=0.6957, P-value=0.1248).
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Validation of Ages Determined From Sagittal Otoliths
Seasonal Deposition of Opaque and Translucent Zones
Opaque-zone deposition occurs primarily during the months of August through October (Figure
16). Most yellow perch had opaque-zone material at a portion of the otolith margin during
August and opaque-zone material at the entire otolith margin during September. There were no
obvious differences between the timing of zone formation between age groups; ages 3 through 10
were represented in the sample.
Validation using the narrow band as a natural marker
The 1988 opaque-zone was narrower than the opaque zone formed during 1987 or 1989 for all
age-groups of yellow perch sampled in 1990 (ANOVA, r-0.73, P-value<0.001). Similarly, the
1993 opaque zone was significantly narrower than the opaque zones formed in 1992 or 1994 for
yellow perch sampled in 1995 (ANOVA, r=0.72, P-value<0.001). The relationship between the
width of the 1988 opaque zone and the 1987 and 1989 opaque zones did not change through
time; the 1988 opaque-zone width was narrower than the surrounding opaque zones during all
sample years (ANOVA, r=0.82, P-value<0.001).
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CONCLUSIONS
These conclusions have been drawn from five years of sampling; three for some portions of the
study. Supplemental index gill netting was funded through this project and results and
conclusions drawn from these data are reported by IDNR; thus, no conclusions for these data are
presented here.
Similar numbers of yellow perch were captured in fyke nets and gill nets, and age distributions of
yellow perch were similar for 1994 and 1995. More female yellow perch were captured in gill
nets than fyke nets. Female yellow perch usually represented less than 1% of the yellow perch
captured using fyke nets compared to 2.3 to 25% of the catch in gill nets. The greater proportion
of female yellow perch in gill nets is likely due to size selective fishing by gill nets (i.e., by using
different mesh sizes); most female yellow perch were captured in the largest gill net mesh (76-
mm). Female yellow perch grow faster and to larger sizes than males (Becker 1983) and, as a
consequence, are more likely to be captured in larger mesh sizes. INHS fyke nets and IDNR gill
nets do provide comparable data for the assessment of yellow perch age, abundance, and sex
structure in Lake Michigan. Due to the size selectivity of gill nets, however, these two types of
gear can not be used to compare size structure of the population.
Results from sampling equidistant sites around the IDNR Lake Bluff index station suggest that
the IDNR index station is not the focus of spawning in the Lake Bluff area. During the 1994-
1996 spawning seasons, catch rates of yellow perch were higher at two cobble-substrate sites, 2.8
km south (North Lake Forest) and 8.3 km south (Fort Sheridan) of the Lake Bluff index site,
compared to the other 5 index sites. Adult yellow perch catch data from 1997-1998 imply that
yellow perch tend to congregate in areas with cobble substrate rather than sand or mixed sand
and cobble substrate sites. Mean catch was greatest at the North Lake Forest and Fort Sheridan
sites, which are both cobble-substrate sites. Dissimilar trends in catch among years and the
relatively high degree of variability in catches at all seven sites (six sites for 1997-1998)
indicates that the perch move in and out of these spawning areas throughout the spawning period
and year to year concentrations of spawning yellow perch are not stable. Therefore, limited
sampling at a single index station (e.g., two days per year at the Lake Bluff index site) may only
reflect the daily movements of spawning fish rather than the true abundance of fish in that area.
Recaptures of tagged yellow perch at sites near where they were tagged implies that some yellow
perch do reside in spawning areas for more than 24 h. During the peak of spawning, information
on movements outside of our study area was limited due to the absence of angler and commercial
harvest during June. Total recapture rate was markedly higher (4.7%) for the first six months
after the commencement of tagging compared to a previous LMBS tagging study (1.3% within 6
months of the start of tagging, Marsden et al. 1993a) and may indicate that yellow perch are
significantly less abundant than they were in 1991. The majority of recaptured yellow perch
were located within 20 km of the site at which they were tagged and at least 88% were
recaptured within 50 km of the tagging site. Given the size of Lake Michigan, yellow perch
exhibit a relatively small home range.
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Most yellow perch sampled using fyke nets were male. The greatest portion of yellow perch we
collected with fyke nets were from the 1988 year-class; this cohort comprised between 29 and
34% of the catch in 1994-1998. No 1992 year-class yellow perch were captured, except for one
individual in 1998, indicating extremely poor recruitment of this year-class to the fishery.
Despite very low catches of YOY yellow perch in 1995, age-3 yellow perch comprised the
second largest proportion (18%) of total catch in 1998. Moderate recruitment of the 1995 year-
class may sustain the current limited fishery as the 1988 year-class declines due to natural
mortality, but we do not expect that the 1995 year-class by itself will provide the basis for an
expanded yellow perch fishery at this time.
The stretched measure of LMBS fyke nets is designed to capture fish 150 mm and greater. This
length is approximately the length that females reach by age-3 and males by age-4 in Lake
Michigan (Becker 1983). Under optimal conditions of population stability, the greatest
proportion of fish sampled would be smaller and younger than those captured during our
sampling. Yellow perch age and length data from our sampling confirm that, due to reduced
juvenile survival in the past several years and limited recruitment of juvenile fish to the adult
population, the average age and length of the yellow perch population in Lake Michigan is
continuing to increase. Eighty-four percent of the yellow perch we captured in 1996 were within
the 8 to 10 in harvest slot imposed by IDNR; the majority (99%) of those fish were males. In
1998, only 60% of the yellow perch we measured were within the slot limit.
Larval yellow perch abundance was much reduced during 1994 through 1998, compared to the
abundance of yellow perch larvae we observed prior to 1994 (Marsden et al. 1993a). This severe
reduction of larval yellow perch may indicate that the reduced abundance of adult female yellow
perch, coupled with predation by alewife and reduced availability of food resources, effectively
slows the ability of yellow perch to quickly recruit sufficient new members to the fishable
population.
No attempt was made to sample vertical strata using a 0.3-m net following 1995 because larval
yellow perch densities never increased above 5 larvae*100m3-. We attempted to use Miller high-
speed samplers, which sample a larger volume of water at greater speeds, without success.
Relatively few larval fish were successfully sampled using the Miller samplers and usually a
maximum of only one fish per transect was collected. Predominant species collected were
rainbow smelt and alewife. Our efforts to quantify the abundance of yellow perch larvae at
depth, during the day and at night, were hampered by the low density of larvae in the lake during
1994-1998. Future sampling for diel movements of yellow perch larvae should only be
undertaken when larval yellow perch abundances increase to pre-1994 levels (i.e., 100
larvae* 100m 3).
Densities of YOY yellow perch were higher in 1998 (0.54 YOY1000m2) than for 1994-1997,
and similar trends were observed in other waters of Lake Michigan (YPTG report). The paucity
of YOY yellow perch observed since 1994 may partly result from decreased abundances of
yellow perch larvae; however, failure of larval fish to be recruited to the sub-adult population
may also be the result of starvation or predation. Increased water clarity observed in the past
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four years, which is likely due to filtration by zebra mussels, may directly affect YOY catches by
increasing avoidance of sampling gear. However, trawling at night, when visual gear avoidance
should be reduced, did not increase catch rates in 1995 (Robillard et al. 1996). The increased
water clarity is a consequence of reduced plankton populations that may indirectly limit available
food for developing larval yellow perch. Water clarity may also affect larval yellow perch
survival by increasing their susceptibility to predation by visual feeders such as alewife.
We have not adequately assessed the effect of alewife predation on yellow perch larvae due to
the near-absence of available larval yellow perch as prey. Relatively few alewife (between 1.6
and 5.4%) had larval fish as a component of stomach contents and none of the larvae could be
identified with certainty as larval yellow perch. We did observe that adult alewife were in areas
where yellow perch were hatching; however, the data do not allow us to discern whether alewife
did not actively feed on yellow perch larvae or whether the low density of yellow perch larvae
affected alewife diet. Several years of effort at higher densities of yellow perch larvae will be
necessary to place any confidence on the percent of yellow perch recruitment lost to predation by
alewife.
Seasonal patterns of zooplankton succession appear consistent within and across years . Mean
densities are low in May and June, increase to a peak in August, then decline again by October.
Copepod numbers peak during May and June whereas Bosmina peaks in late July and early
August. Daphnia occur in low numbers in August and September, whereas rotifers bloom in late
August.
Mean zooplankton densities were significantly higher in 1988 in comparison to 1989-1990 and
1996-1998. Copepods dominate the near shore zooplankton assemblage in Lake Michigan
during the spring and early summer. In addition, Bosmina peak in late July and early August, but
overall mean densities since 1996 are lower than historical samples (1988-1990) demonstrate.
Alewife predation and competition for food resources may play a role in the zooplankton
assemblage changes. Invasions of exotic species, such as the zebra mussel, could be a potential
reason for the decline in zooplankton densities. Zebra mussels invaded the southwestern area of
Lake Michigan in 1988, with substantial numbers appearing by 1993 (Marsden et al. 1993b).
Changes in nutrients, such as phosphorus, have also occurred within the lake Interannual
variation could explain some variation in taxa composition, however, mean densities differ to
much from 1988 to be considered natural variation.
Survival of YOY yellow perch into the fall is positively correlated with the density of
zooplankton present during June, suggesting that early survival of larval yellow perch may be
limited by low food availability. However, these data are not conclusive, especially because only
one year (1988) of high zooplankton abundance exists and may exert undue leverage on the
relationship. We plan to test this relationship under laboratory conditions to explicitly determine
the relationship between zooplankton density and larval yellow perch survival. If a relationship
exists and is strong, density of zooplankton during June could be used to predict yellow perch
year class strength.
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Yellow perch egg skeins collected at the US Steel intake line, south of Waukegan Harbor, were
nearly 100% viable; the survival of these eggs to post-hatch stages, however was not fully
investigated. Given the relatively high viability of eggs, it is likely that the current decline of
yellow perch is not attributable to factors that may adversely affect pre-hatch stage yellow perch
(e.g., toxins in sediments, genetic flaws).
The absence of emergent yellow perch larvae in the ichthyoplankton samples dictated that post-
larval sampling be limited in effort and as a consequence, no post-larval stage (>8 mm) yellow
perch were collected.
The diet of YOY yellow perch shifted from one dominated by zooplankton before 1993 to one
dominated by benthic invertebrates after 1993. This switch did not appear to reduce YOY
yellow perch growth but may be indicative of reduced zooplankton densities in the lake that
could reduce survival of larval yellow perch. It is unclear exactly why the composition the diets
of YOY yellow perch shifted because we do not have uninterrupted long-term data sets that
monitor zooplankton and benthic invertebrate food resources.
Yellow perch form opaque zones in sagittal otoliths during August through October. Opaque-
zone formation has been shown to occur for most temperate fish species during summer months
because during these months water temperatures are highest and conducive to somatic growth
(Beckman and Wilson 1993). Narrow opaque-zones formed during 1988 and 1993 and the
persistence of the ratio of opaque-zone widths through time indicates that these natural markers
are an effective tool that may be used to validate ages.
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Table 1. Length and mesh size of panels used in
IDNR yellow perch spawning assessment gill nets.
Length (m)
15.2
30.5
30.5
91.4
91.4
Mesh size (mm)
25.4
38
51
63
76
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Table 3. Summary of yellow perch collected from seven locations around Lake
Michigan for genetic analysis.
Site
Zion, IL
Michigan City, IN
Grand Traverse Bay, MI
Ludington, MI
South Haven, MI
Bailey's Harbor, WI
Green Bay, WI
Year
1993
1994
1994
1994
1994
1993
1993
Method
fyke net
trawl
gill net
gill net
angling
fyke net
fyke net
n
~45
20
30
50
50
-45
-45
Area of lake sampled
SW shore
S shore
NE shore (adjacent bay)
E shore
SE shore
NW shore
NE shore (adjacent bay)
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Table 4. Enzyme systems and loci screened for polymorphism in yellow perch collected throughout Lake
Michigan.
Enzyme number Enzyme name
2.6.1.1 Aspartate amino transferase
4.2.1.3
3.5.4.4
2.7.4.3
4.1.2.13
2.7.3.2
3.1.1.-
3.1.3.11
4.2.1.2
1.2.1.12
1.1.1.29
1.1.1.8
2.7.1.2
5.3.1.9
1.1.1.42
1.1.1.27
1.1.1.40
1.1.1.37
5.3.1.8
2.7.5.1
1.1.1.43
2.7.1.40
1.15.1.1
1.1.1.14
5.3.1.1
1.2.3.2
Aconitate hydratase
Adenosine deaminase
Adenylate kinase
Fructose bisphosphate aldolase
Creatine kinase
Esterase
Fructose bisphosphatase
Fumarate hydratase
Glyceraldehyde-3-phosphate
dehydrogenase
Glycerate-2-dehydrogenase
Glycerol-3-phosphate dehydrogenase
Glucose kinase
Glucose phosphate isomerase
Isocitric dehydrogenase
Lactate dehydrogenase
Malic enzyme (NADP+)
Malate dehydrogenase
Mannose phosphate isomerase
Peptidase (leu-tyro)
Phosphoglucomutase
Phosphogluconate dehydrogenase
Pyruvate kinase
Superoxide dismutase
Sorbitol dehydrogenase
Triose phosphate isomerase
Xanthine dehydrogenase
Locus
mAAT
AAT-A
AAT-B
AH
ADA
AK
FBALD
CK-A
CK-B
CK-C
EST-1
EST-2
FBP
FH
GAPDH
G2DH-1
G3PDH
GK
GPI-A
GPI-B
IDH-A
IDH-B
LDH-A
LDH-B
LDH-C
MEP-1
MEP-2
mMDH
MDH-A
MDH-B
MPI
LT-1
LT-2
PGM
PGDH-1
PGDH-2
PK
SOD-1
SOD-2
SDH
TPI-1
TPI-2
XDH-1
Buffer system
TC
TC
TC
TC
EBT
TC
TC
TC
TC
TC
EBT
EBT
TC
TC
TC
Robillard, Weis, and Dettmers
M/P
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
m:mV
mVm~m/mM
Tissue analyzed
Liver
Muscle
Liver
Liver
Liver
Muscle
Eye
Muscle
Eye
Eye
Liver
Liver
Muscle
Liver
Muscle/Eye
Liver
Liver
Liver
Muscle
Muscle
Muscle
Muscle
Eye
Eye
Eye
Muscle
Muscle
Muscle
Muscle
Muscle
Liver
Liver
Liver
Liver
Liver
Liver
Liver
Liver
Liver
Liver
Eye
Eye
Liver
32
TC
TC
TC
TC
TC
TC
TC
TC
TC
TC
EBT
EBT
TC
TC
TC
RID
RID
RID
TC
TC
TC
TC
TC
TC
TC
TC
TC
EBT
P
M
M
P
P
M
M
M
P
M
M
M
M
P
M
P
M
M
P
M
M
M
M
M
M
M
M
M
p
Table 5. Number of sagittal otoliths sampled from yellow perch by sample year and age.
Sample Year
Age 1988 1990 1991 1992 1993 1994 1995 1996
1
2
3
4 10 10
5
6 10 10
7 10 10 10 10
8 10 10 10
9 10
10 10 10 10
11 10
12 10
13 10
Table 6. Yellow perch catch in IDNR assessment gill nets, by depth, at the IDNR 55th Street
index station, 1994-1998.
Depth (m)
Year 7.2 10.8 14.6 16.8 Total
1994 67 21 62 74 224
1995 85 138 73 136 432
1996 88 16 80 48 232
1997 236 132 48 61 477
1998 257 183 207 308 955
Table 7. Number of yellow perch sampled with fyke nets (INHS) and gill nets (IDNR) at the
IDNR Lake Bluff index station, by depth. No samples were collected using fyke nets at the 14.6
and 16.8-m sites in 1994. a 1994 total does not include gill nets at 14.6 and 16.8 m.
1994
Fyke net
420
382
802
1995
Gill net
248
132
(373)
(252)
380 a
Fyke net
226
10
141
139
516
Gill net
107
65
119
127
418
1997
Fyke net
329
140
276
186
931
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Depth
7.2 m
10.8 m
14.6 m
16.8 m
Total
Gill net
304
809
467
177
1757
,
33
Table 8. Percent female yellow perch captured using IDNR graded-mesh
gillnets and INHS fyke nets, 1994-1998.
Gear Mesh size 1994 1995 1997
Type (mm)
Gillnet 25.4 --- --- 0
38 --- 0 1.4
51 -- 0 0
63 --- 18.0 1.3
76 --- 100.0 18.4
all meshes 25.0 9.0 2.3
Fyke net 19 0.2 0 0.4
Table 9. Location and number of yellow perch tagged, 1996-1998.
Site
Kenosha, WI
Camp Logan
North of Waukegan
South of Waukegan
Waukegan wiremill
North Chicago
Great Lakes Naval Base
Lake Bluff
North Lake Forest
South Lake Forest
Fort Sheridan
Chicago Harbor
Location (lat./long.)
420 33.680 / 0870 48.529
420 28.400 / 0870 47.708
420 22.719 / 0870 49.388
420 21.096 / 0870 48.788
420 20.244 / 0870 49.462
420 19.795 / 0870 49.033
420 18.290 / 0870 49.396
420 16.772 / 0870 49.502
420 15.280 / 0870 49.015
420 13.950 / 0870 48.435
420 12.789 / 0870 47.792
410 54.100 / 0870 36.500
All Sites
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1996
0
0
0
756
0
272
381
4,210
3,522
712
3,609
0
Year
1997
5
12
33
0
1,571
99
0
0
4,075
551
1,851
285
8,482
1998
0
0
117
0
1,236
296
0
0
1,657
504
1,092
0
4,90213,462 .LL kJJ ,%lw - .
Table 10. Recapture source and year of recapture for yellow perch tagged during
1996-1998. Agency recaptures include yellow perch recaptured by LMBS,
IDNR, Wisconsin DNR, and Michigan DNR, and Ball State University.
Recapture
Year / Source
1996
N= 13,46
Tag Year / Number tagged
1997
i2 N = 8,482
agency
sport
commercial
agency
sport
commercial
agency
sport
commercial
320
279
115
324
46
96
138
15
0
344
59
0
203
11
0
85
10
0
Table 11. Total number of adult yellow perch and percentage of female yellow
perch captured in fyke nets in the Lake Bluff area, IL, 1994-1998.
Samile year N
5,383
8,848
14,614
8,689
5,532
Percent female
1.6
0.2
1.1
0.3
0.4
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Table 14. Allelic frequencies of polymorphic loci in populations of Lake Michigan yellow
perch.
Allele Bailey's Harbor, Grand Traverse
Locus Mobilities MI Zion, IL Bay, MI Green Bay, WI
GPI-A 86 0.000 0.017 0.000
100 1.000 0.983 1.000
GPI-B 100 1.000 1.000 0.983 1.000
90 0.000 0.000 0.017 0.000
MDH-A 71 0.000 0.017 0.000
100 1.000 0.983 1.000
Table 15. Frequency of banding paterns A and B detected by digesting the ATPase-
6 gene with the restriction endonuclease Hae III for four Lake Michigan populations.
Population
Bailey's Harbor, WI
Grand Traverse Bay
Southern Green Bay
Zion, IL
Banding Pattern A
0.933
0.767
1.000
0.800
Banding Pattern B
0.067
0.233
0.000
0.200
Table 16. Sample depth, total catch, and mean length of YOY
yellow perch sampled north of Waukegan Harbor, 1998.
Sample Mean
Date depth (m) YOYs length (mm)
07 August 3 7 ***
13 August 5 4 52.5
20 August 7.5 1 36.0
10 September 10 2 66.5
24 September 10 1 86.0
29 September 3 4 85.8
29 September 3 129 96.6
*** specimens were preserved prior to measurement
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Table 17. Percent of adult alewife stomachs containing prey items. Alewife
were sampled during the hatch of yellow perch larvae, using graded-mesh gill
nets set for 30 min after dusk outside Waukegan Harbor. a Not enumerated.
b Amphipods and isopods were not differentiated in 1996. c Copepods and
cladocerans were not differentiated in 1996, but lumped into the broad
catagory of zooplankton.
1996 1997 1998
Prey taxa N = 197 N= 355 N = 61
chironomid larvae 47.2 62.8 79.0
copepods 72.6 33.5 50.0
terrestrial insects *** a 31.0 49.4
B. cederstromi 2.0 15.8 0.0
amphipods 4.6 b 7.9 19.4
cladocerans *** C 5.4 69.4
Hydracarina spp. *** a *** a 9.8
larval fish 2.5 4.5 1.6
isopods 4.6 b 0.3 3.2
phytoplankton 60.4 *** *** a
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Figure 1. Adult yellow perch fyke net sampling sites in 1994-1996 (a) and 1997-1998 (b).
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Figure 3. Age-composition of yellow perch sampled using gill nets and fyke nets in 1994, 1995,
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sites around that index station, 1994-1996.
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Figure 10. Percent composition of non-target species sampled using a bottom trawl north of
Waukegan Harbor, IL, 1994-1998.
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Figure 11. Mean density of zooplankton (+ 1 SE) present in nearshore Illinois waters of Lake
Michigan around Waukegan during June through July, 1988-1990 and 1996-1998.
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Figure 12. Mean weekly density of zooplankton (± 1 SE) present in nearshore Illinois waters of
Lake Michigan around Waukegan during May - September, 1998. Circles represent total
zooplankton, whereas open circles represent crustacean zooplankton only.
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Figure 13. Diet composition of YOY yellow perch from nearshore Illinois waters of Lake
Michigan around Waukegan during July-October, 1987-1998.
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Figure 14. Composition of the zooplankton portion of the diet of YOY yellow perch from
nearshore Illinois waters of Lake Michigan around Waukegan during July-October, 1987-1998.
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Figure 15. Composition of the benthic invertebrate portion of the diet of YOY yellow perch
from nearshore Illinois waters of Lake Michigan around Waukegan during July-October, 1987-
1998.
Robillard, Weis, and Dettmers
Amphipod
I i Chironomid
E
0
'I
0r
PI.
100%
80%
60%
40%
20%
0%
87 88 96 97 98
n-
-
-
- I
98
56
1990-1991
E
20
18
16
14
12
10
8
6
4
2
0
m Opaque 1 D Opaque 2 * Translucent
Sample month
Sample month
1995-1996
4)
E35
I Opaque 1 0 Opaque 2 U Translucent
20
18
16
14
12
10
8
6
4
2
0
01P4 4) C>_4
C 1 o 7
4) Q0
Sample month
Figure 16. Number of adult yellow perch, sampled each month, for which opaque-zone
deposition had begun (Opaque 1), opaque-zone material was present at the entire otolith margin
(Opaque 2), and translucent-zone material was present at the entire margin (Translucent).
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